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Abstract 
In this paper, an antenna has been designed which shows three resonant frequencies. How one of the frequencies can 
be tuned, has been shown. The ratio of the tuneable frequency f2 to the fixed fundamental frequency f1 can be varied 
from 1.6 to 1. It is also discussed that optimum tuning of the frequencies may also lead to a wide band antenna which 
will have much higher gain compared to monopole antenna. It has been also shown that the designed antenna is much 
compact compared to reference antenna. 
 
© 2011 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of C3IT 
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1. Introduction 
With trend for small handheld communication devices, microstrip antenna has become an inevitable 
component for communication devices. The fact, that research in this field can be directly implemented in 
the commercial market, is one of the driving forces for tremendous research and development in this field. 
The fabrication cost of these antennas is very low. This has allowed the academic institution with very 
limited fund to enter this area of research. This has become another driving force for research in this field. 
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Microstrip patch antenna was first reported by Deschams [1] in the year 1953. It was found that a patch 
of conductor, placed over a ground plane separated by a dielectric layer, when excited starts radiating the 
signal. It was further noted that placing of different types of slot/slit in the radiating patch or ground plane 
modifies the characteristics of the antenna [2-4]. The modification may lead to bandwidth enhancement, 
size reduction or operating band increament of the antenna. 
 
In this paper the ground plane is loaded with two parallel rectangular slots of 1 mm width and 
separated from each other by a gap of 1 mm. This particular design was developed taking lead from 
previously reported design [5].  
2. Antenna Design 
The layout of the designed antenna is shown in Fig 1. The layout has been drawn in first angle 
projection. As shown in the figure, the ground plane is loaded with two slots each of width 1 mm. Length 
of the slot 1 is L mm and that of slot 2 is R mm. The value of L is 48 mm through out this paper. Both the 
slots are positioned at equidistance from the left and right edges of the ground plane, as seen from the 
figure. The patch antenna is fed through a coaxial feed. The feeding point is so positioned to obtain better 
impedance matching. The radiating patch is positioned at the centre w.r.t ground plane of the antenna. 
 
The above antenna design was simulated using IE3DTM and the substrate FR4 (İr=4.4) of thickness of 
1.6 mm.  
Fig. 1. Antenna Design 
 
3. Result and Observation 
The designed antenna resonates at three resonant frequencies. The tuning characteristic of f0 has been 
already reported in our previous paper [5]. The resonant frequency and return loss for the corresponding 
slot length “R” and “L” has been mentioned in Table 1. The variation of frequencies w.r.t the length of 
the slot 2 has been plotted in fig.2(a).  It can be observed from the fig. 2(a), that the relation of resonant 
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frequency band f2 w.r.t the length of the slot 2 is almost linear. Fig. 2(b) and fig. 3 shows the return loss 
for length of the slot 2 “R” = 16 mm and “R” = 32 mm respectively. Tuning of the frequency band f2 due 
to variation of slot-2 length “R” from 16 mm to 32 mm can be clearly observed from fig. 2(b) and fig. 3. 
In fig. 2(b), frequency band f2 is encountered after the occurrence of f1. Whereas, in fig. 3 shows that 
changing of slot length “R” from 16 mm to 32 mm has resulted in tuning of f2 to such an extent that f2 has 
occurred before f1. The return loss plot shows that the frequency band f2 and f1 gets staggered to give 
wide bandwidth save for the marginal crest obtained at about 2.3067 GHz. This gives a bandwidth of 
about 5 % as against to 2 % bandwidth of the reference antenna reported by Kuo and Wong [6]. The plot 
also indicates that the antenna also resonates at f0 = 1.14667 GHz. Normally, for a patch antenna to be 
resonant at 1.14667 GHz, the area of the patch should be 4868 mm2. But in this design, the patch area is 
only 600 mm2. This translates into a size reduction of about 88%. 
 
Table 1. Resonant frequencies with their corresponding return losses for slot length “R” 
Slot 
length ‘R’ 
(mm) 
F0 F1 F2 
Frequency 
(GHz) 
Return 
Loss (dB) 
Frequency 
(GHz) 
Return 
Loss (dB) 
Frequency 
(GHz) 
Return 
Loss 
(dB) 
16 1.18 -15.6 2.356 -17.3 3.808 -14.5 
18 1.18 -17.1 2.356 -17.6 3.616 -20.3 
20 1.175 -16.2 2.3625 -16.9 3.35 -30 
22 1.175 -16.4 2.3625 -17.1 3.15 -26.8 
24 1.175 -15.7 2.3625 -17.6 2.9375 -21.1 
26 1.16 -13.7 2.36 -16.8 2.7 -37.3 
28 1.1467 -12.8 2.3733 -16.9 2.5333 -18.5 
30 1.14667 -12.4 2.3733 -11.2 2.3733 -11.2 
32 1.14667 -11.8 2.36 -17.7 2.2667 -19.2 
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 (a) (b) 
Fig. 2. (a) Variation of resonant frequencies with slot length “R”. (b) Return Loss plot for “R” = 16 mm and “L” = 
48mm. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3.Return Loss plot for “R” = 32 mm and “L” = 48mm. 
4. Conclusion 
The proposed antenna operates at three resonant frequencies. It has been observed that the lowest 
resonant frequency translates into size reduction of 88%. The tuning characteristic of the resonant 
frequency f2 has been reported in this paper. It is further observed that optimum tuning of f2 may lead to 
an antenna with reduced size, wide bandwidth and multiple resonant frequencies. It is further proposed 
that combined optimum tuning of f0 and f2 may result to a bandwidth which could be much higher 
compared to this antenna. 
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